(19) 



European Patent Office 
Office europtoi des brevets 



inilHMIIIIIIiiU 



(11) 



EP 0 783 022 A1 



(12) 



EUROPEAN RATENT APPUCATION 

pubished in aocoidance wfth Art. 1 58(3) EPC 



(43) DateofpiMrcation: 

09.07.1997 BuMetfn 1997/28 



(21) Applicabon number: 96925(m).3 

(22) Date of filing: 24.07.1 996 



(51) intCl.S: C08L 23/04 

//C08F4/64. C08F10/02 

(86) International application number: 
PGT/JP96/02072 

(87) IntBmational publication nunrtier: 

WO 97/04026 (06.02.1997 Gazette 1997/07) 



(84} Designated Contracting States: 
DE FRGB ITNL 

(30) Priority: 24.07.1995 JP 1873S0/9S 

(71) Applicant: MITSUI PEmOCHEHCAL 
INDUSTRIES, LTD. 

Tokyo 100 (JP) 

(72) Inventors: 

< KISHINE, Masahiro, 
Mitsui Petrochemical Ind. Ltd 
iOiga-gun, Yunaguchl 740 (JP) 



• WAIANABE, KeiJI, 



Kuga>gun, Yamaguciil 740 (JP) 

• TSLrTSUI,Toshiyulti, 

Mitsui Petrochemical ind. Ltd. 
Kuga-gun, Yamagudii 740 {jp} 

• YANG, Katsunori, 

IWtsul Petrochemical Ind., Ltd. 
Kuga^un, Vamaguchi 740 (JP) 

(74) Representative: Cresswell, Thomas Anthony 
JJLKEMP&CO. 
14 South Square 
Gray^ Inn 

London WC1R5LX(^B) 



(54) ETHYLEMC POLYMER COMPOSITION 

(57) fin ethylene type polymer compoeffion com- 
prising 20 to 90 % t)y weight of an eliylene type poly- 
mer (A) and 80 to 10 % by weight of an ethylene type 
polymer fB). The ethylene type polymer (A) ie an ett^- 
ene polymer or a copolymer of ethylene and an o-olef in 
of 3 to 20 carbon atoms and has a density (d^) of 0.96 
to 0.980 g/cm^ and an intrinsic viscosity {t]) of 0.5 to 3.0 
dl/g. The ettiylene type polymer (B) is an ethylene poly- 
mer or a copolymer of ethylene and an a-defin of 3 to 
20 carbon atoms and has a density (de) of 0.91 to 0.965 
g/cm^ and an intrinsic viscosity (n) of 1.0 to 10 dl/g. At 
least one of the ethylene type polymers (A) and (B) is an 
ethylene type polymer prepared by the use of a metal- 
locene catalyst. The ethylene tw)e polymer composition 
has the properties: dA/dg is larger than 1; the density is 
0.940 to 0.970 g/cm^; the MFR is of 0.005 to 20 g/10 
min; the MFR and tie melt tension (MT) satisfy the rela- 
tion log(MT)a-0.4log(MFR)40.7 ; and the diam^ical 
swell ratio exceeds 1.35. From this oonfmsition, molded 
articles having excelfent mechanEcal strerKith and rigid- 
ity can be obtained. 
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Oescfiption 

TEg HNI CAL FIELD 

The present invention relates to etiylene iype poiynier corrpoertions having hls^ melt tension and high cfiametrical 
swell ratio and showing excellent mechaiiical strength and rigidity. 

EHiyiene type polymers such as an ethylene polymer and an ethylene/a-olef in copolymer have been conventionally 
m^ded by various mdding (or forming) methods such as blow molding, vacuum or pressure forming, calendering, infla- 
tion molding, extrusion molding, expansion molding, stretched fim molding and injection molding, and they have been 
widely employed. 

The ethylene type polymers are required to liave various properties depending on the purpose or the molding 
method. For exampte. in the (Moduction of f Qms by means of high-speed infiafion mokSng. ethylene type polymos hav- 
ing high melt tension should be employed to inhibit wistsiMy or breakage of bubbles. In the production of cans for 
industrial chen^cals, drum cans, boUes or the like by means of blow molding, ethylene type pcriymers having high swell 
ratio (drametricfU swell ratio) should be employed to obtain blow molded articles having good shape of pinch-off portions 
and nan-ow wEdl tiicKness distribution. Tlie blow molded articles are generally required to have properties of high impact 
strengm, and in addition thereto they are recently required to have high rispdify to improve durability and economical 

By the way. frie ethylene type polymers are conventionally prepared uang catalysis such as Ti catalysts or Cr cat- 
^ysts (Philips catalysts) or by a high-pressure method. Among various ethylene type polymers, those prepared by the 
use of Ziegler-Natia catalysts typified by Ti catalysts, esp. MgCl2 supported type TI catalysts, have molecular structure 
almost free from long-chain branches and show excdient rigidity and impact resistance. However, Ihey are inferiix in 
the moldability to the ethylene type polymer prepared tqr the use of Cr catalysts Meanwhile, the ethylene type polymers 
prepared by the high-pressure method and by the use of Cr catalysts have higher melt tension and swell ratio than 
those by the use of Ziegler-Natta catalysts and have excenent mold^lity. However, they have molecular structure wth 
long-chain branches and are inferior in the rigidity and impact resistance. 

In order to improve the properties of the ethylene type powers, various proposals have been made. i=or example, 
in Japanese Patent Laid-Open Publication No. 12735/1980, a blend of polyethylene prepared by the use of Ziegler- 
Natte catalyst and polyethylene prepared by a high-fvessure method is proposed. In Japanese Patent Laid-Open Pub- 
licatirai No. 36546/1985, a blend of polyethylene prepared by the use of Ziegler-Natta catalyst and polyethylene pre- 
pared by the use of Cr catalyst is proposed. However, these polyethylene blends are inferior to the ethylene type 
pcdymens prepared by the use of Ziegler-Natta catalysfe in rigidly and impact re^^ance. though tney are improved in 
the moUablHty. 

Under such ctrcumslanOBE as mentioned above, the present inventors have studied, and they have found that an 
ethylene ^e polymer com^Hion comprising a specific high^iensity ethylene type polymer and a specific ettvlene 
type pdynter. in wNch at least one of them is prepared by tiie use of a metallooene catalyst and the dmsrty raSo ther- 
eb^ween exceeds 1 , is excellent In mddability, stress cradt resistance, mechanical sti-sngth and ri^ity. The present 
^nventons have atso found that eudh a composillon can be mdded into arfides for a wider variei^ of uses by various 
methods such as blow molding, vxuum or pressure forming, calencforing. inflation molding, extrusion nralding. expan- 
sion molding, sbretched film molding and ir^jecGon moking. Based on the frding, the present inveniion has been 
accomplished. 

The present invention has an object to provide an ethylene type pdynwr cornposition which is capable of being 
molded into articles for a wider variety of uses by various methods sucHn as blow mokfing, vacuum or pressure forming, 
calendering, innation molding, extrusion molding, expansion molding, stretched fBm molding and nijection molding and 
from which molded articles of excellent mechanical strength and rigidity are obtainable. 

DISCLOSURE OF THE INVENTION 

The ethylene type polymer compositiOT according to the invention is an ethylene type pdymer composition com- 
prising: 

(A) an ethylene type polymer in an amount of 20 to 90 % by weight, said ahylene type polymer benig an ethylene 
polymer or a copolymer of elhylene and an a-ol^in of 3 to 20 carbon atoms and having the fbllowing properties: 

(A-1) the denaty (dA) is in the range of 0.96 to 0.98 g^cm^. and 
(A-2) the intrinsic viscosity is in the range of 0.5 to 3.0 (SUg: 
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and 

(B) an ethylene type polymer In an amount of 80 to 10 % by weight, said ethylene type polymer being an ethylene 
polymer or a copolymer of ethylene and an a-olefin erf 3 to 20 carbcvi atoms and hawng the following prqaerties: 

(B-1) the density (ds) is in the range of 0.91 to 0.965 g/cm^. and 
(B-2) the intrinsic viscosity (ii) is in the range of 1.0 to 10 dt/g, 

at least one of said ethylene type polymer (A) and said ethylene type polymer (B) being ail elh^ene type polymer 
prepared by the use of a mstanocene catalyst 

wherein said ethylene type polymer cornposition has the foUouring properties: 

(1} a ratio {d^M^ of the densHy (d/O of the ethylene type polymer (A) to the density (do) of the etl^lene type poly- 
mer (B) is larger than 1 : 

(2) the density is in the range of 0.940 to 0.970 g/cm?; 

(3) the melt flow rate (MFR. measured at 190 *C under a load of 2:16 kg) is in «te range of 0.005 to 20 g/10 min; 

(4) the melt flow rate (MFR) and the meft lei«ion (MT) safisiy the foltowing relation 

log (Ml) ^ -0.4log(MFR) + 0.70; 

and 

(5) the diametrical swell ratio escceeds 1.35. 

,The ethylene type polymer (A) andfor the ethylerte type polymer (B) can be prepared by the use of a cvrier sup- 
ported metallocene catalyst comprising: 

[[] a transition metal compound represented by the following formula (I): 




(I> 



wherein M is a transition metal atom of Group 4 to Group 6 of the periodic taWe. 

R\ r2. and R* may be ttie same as or different from each rther. th^ are each hydrogen atom, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halog^iated hydrocarbon ^loup of 1 to 20 caiton atoms, a 
silicon-cont^ning group, an oxygen-containing groip, a sulfur-containing gnup, a rabogen-oontednirv group or a 
phosphorus-containing group, or a part of the aciaoent groups of R** to R^ are bonded to each other to fonn at least 
one ring together with carbon atoms to which they are bonded, 

and may be frie same as or diffa-ent from each other, and are each f^drogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 cartwn atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxy- 
gen-containing group, a sulfur-containing group or a nitrogen-containing group, and 

Y is a diralent hydrocarbon group, a dvai«it siioon-containing group or a divalent germanium-containing 

group; 

[If] a compound which is capable of activaflng the tnansiton metsd compound [1] and is at least one cajmpaind 
selected from: 

(11-1} an organoalumlnum compound, 
(11-2) an aluminoKaie. and 

(11-3) a compound which reads wHh the tranation m^ oonfxjund [I] to femi an ion pair; and 
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[III] a fine particle carrier. 

The ethylene type polymer composition according to the irwention showvs exoelient motdabflhy and can be molded 
Into articles having excellent rigidity and mechanical strength such as stress crack resistance. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The ethylene type polynrer conposHion aocoiding to the Invention is described in detail hereinafter. 
The ethylene type polymer compoation of flie invention is formed from an ethylene type polymer (A) and an ethyl- 
ene type polymer (B). and at least one of these ethylene t]^e poiymers Is prepared by the use of a metaHocene catalyst 
The components of ttie polymers are now described. 

(A) Ethylene t ype pdymy 

The elf^Kie \jfpe polymer (A) for constituting the etiiyiene type polymer composition of the invention Is an ethylene 
homcpoiymer or a nandonn copolymer of ettiyiene and an a-def in of 3 to 20 cartjon atoms. 

Examples of the a-d«fins of 3 to 20 carbon atoms include propylene. 1-butene. Usentene, 1-hexBne. 4-melhyl-l- 
pentene. 1-octene, 1-decene, 1-dodecene, Hetradecene. 1-hexadecene, 1-ocladecene, 1-acosene and mixtures 
thereof. 

In ttie ethylene type polymer (A), it is desir^e that the units derived from ethylene are contained In amouils of 80 
to 10O % by weight, preferably 80 to 100 % by weight, more preferably 90 to 100 % by weight, and *ie wiits derived 
from the a-olefin of 3 to 20 carbon atoms are contained in amounts of 0 to 40 % by weight, preferatily 0 to 20 % by 
weight more preferably 0 to 10 % by weight 

In the present invention, the composition of the ethylene type polymer can be determined by ''^C-NMR spectrum. 
The ■'^C-NMR spectrum of the ethylene type polymer is generally obtained t»y measuring a sample solution obtained 
tv homogeneously dissolving about 200 mg of a s^ie inl ml of hexachlorabutadiene in a sample tube having a 
diameter of 10 mm. The measurement is carried out under the conditions ai a measuring temperature of 120 "C, a 
measuring frequency of 25.05 MHz, a spectrum width of 1 .500 Hz, a pulse repetition time of 4.2 sec and a pulse width 
ofe^sec. 

(A-1) The elhylene type polymer (A) has a den^ (dp) of 0.96 to 0.98 g/cm^. prefer^y 0.965 to 0.980 g/cm^. 

In the present invention, the density of the ethylene type pdymer is measured in the following manner. Strands 
obtained In the measuremait of melt flow rate described below are heat freated at 120 'C for 1 hour, then gradually 
cooled to room temperature over a period of 1 hour, followed by measuring the densi^ by a gradient density tube. 

(A-2) The ethylene type polymer (A) has an irrtrinsic viscowty (ii) of 0.5 to 3.0 6Ug (MFR: 1.000 to 0.01 gAlO min), 
prefeiaUy0^to2.0dl/g. 

In the present invention, the inlrinsic viscosity (tj) of the ethylene type polymer Is measured in decalin at 1 35 'C. 
The melt flow rate of the ediylane type polymer is measured at 1 90 under a load of 2.1 6 kg in aocorclance vwth 
ASm D 1238^CT. 

The etfiylene type polymer (A) preterebiy is one prepared by the use of a mefallocene catalyst and particularfy 
preferably Is one prepared by the use of the iater-descriaed metaliooene catalyst. 

fB)E1tTYlepg type polymer 

The ethylene type polymer (B) tor constikiting ttie ethylene type polymer composition of the imenflon is an ethylene 
homopolymer or a random copolymer of ethylene and an a-ol^in of 3 to 20 caiton atoms. Exan^les of the a-olafins of 
3 to 20 caibon atoms are the same as those described for the ethylene type polymer [Ai. 

In the ethylene type polymer (B), it is desirable lhat the urtite derived fnim etfiylerte are contained in amounts of 60 
to 1 00 % by weight, preferably 80 to 98 % by wei^it, more prel^ly 90 to 96 % by weight and the unHs derived from 
the a-olefin of 3 to 20 carbon atoms are corteined bi amounts of 1 to40 %by weight, prBferably2 toao %by weight 
more preferably 4 to 1 0 % by weight. 

(B-1) The ethylene t^De polymer (B) has a density (dg) of 0.91 to 0.965 g/cm^, prefer^y 0.915 to 0.960 g/cm^, 
nxM-e preferably 0.920 to 0.960 g/arrP . 

(B-2) The ethylene type polymer (B) has an intrinsic viscosity (ii) of 1.0 to 10 dl^g (MFR: 35 to 0.0003 g/10 min). 
preferably 3.0 to 10 dl/g. 

The ethylene type polymer (B) preferably is one prepared by the use of a m^yocene catalyst and particidariy 
preferably is one prepared by the use of the betow-descrfeed metaliooene catalyst. 
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Preparation of ethylene type polymer 



At le^ one of tfie ethylene type polymer (A) and the ettiytoie iype polynier (B) is prepared t>y flie use of a metd- 
locene catalyst, and it is preferable that both of them are prepared by the use of a metailocane cat^yst 

In the present invention, employable as the metaliocene compound is a earner sqsported me«aliocene conpound 

conprising: 

[I] a transition metal compound having a specific structure; 

[II] a compound which is capafcile of activating the transllion metal compound [Q and is at least one compound 
selected from: - 

(11-1) an oiganoaluminum compoind. 
(11-2) an ahjminoxane, and 

(11-3) a carrpound vdiich reads with the transition metal compound 0} to form an ion pair; and 

[III] a fine parficie carrier. 

The components for constituting the catalyst are descrbed below. 

The transition metal compound IQ emplpyable in the Invenfiwi is, for example, a bridge tfpe metaliocene compoural 
represented by the followng formula (I): 




wherein M ie a baneiHon metal atom of Qroup 4 to Qrtx^ 6 of the periodic tabiei epedHcally titanium, zirconium, haf- 
rHum, vanadium, niobium, tantalum, dvonriium. moljbdanum or tungsten. preferaUy titanium, zitoonium or haNum, 
particularly preferably zinxmium. 

R\ R^, and may be the same as or dffierentfrorti each other, they are each hydrogen atom, a halogen atom, 
a fiydrocarbon group of 1 to 20 cattwn atoms which may be halogenated. a silicon-containing group, an oxygen-con- 
teining group, a sulfur-containing group, a nittogen-contagtiing group or a phosphorus-containing group, or a part of the 
adjacent groups of R^ to R* are bonded to each other to form at least one ring togetha- with carbon atoms to which they 
are bonded. In the formula, a pair of each R^ to R* appear, and this indicates fliat the groups (or atoms) with the same 
symbols are preferably bonded to each other to form a ring, for exanple, and R^ are preferably bonded to form a 
ring. 

The halogen atom Is fluorine, chlorine, bromine or iodine. 
Ejomples of the hydrocarbon groups of 1 to 20 caibon atoms include: 

allq^l groups, such as methyl, ethyl, niropyl, fepprppyl, n-bulyl. isobutyl, sec-biiyi, tert-butyl, n-pentyl, neopertyf. 
n-hexyl, cydohexyl, octyl, nonyj, dodecyl, eicosyl, norbornyl and adamantyl; 
alkenyl groups, such as vinyl, propenyl and cyclohexenyl; 
arylalkyi groups, such as benzyl, phenyletfyl and phenylpropyl; and 

aryl groips, such as phenji, tolyl. dimeihylphenyl. trime*hjriphenyl. eJhylphenyl. prqayjphenyl. biphenyl, o- or p- 
naphthyl, melhylnaphthyl. anthracenyl. phenanthryl, benzyip*ierv!, pyrenyl. acen^hthyl. phenalenyl. aoeanlhryle- 
nyl, tetr^>ydronaph»iyl, hdanyl and biphenylyl. 
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These hydrocaibon groups may be substituted with halogens. 

Examfrfes of the rings formed by bonding of to R* include iused rings, such as benzene ring, naphthalene ring, 
acenaphthene ring and indene ring; and rings wherein the hydrogen atoms on fused rings, such as benzene ring, naph- 
thalene ring, acenaphthene ring and indene ring, are replaced wiUi alM groups, such as methyl, ^hyl, propyl and butyl, 
or halogens. 

Examples of the silicon-oonteining groups indude monohydtocaibon-subsfituted silyls, such as methylsilyl and 
phenylsiiji: dihydrDcarbonnsubstituted silyls, such as dimethj^silyl and diphenylsilyl: trihydrocartxan-subsHuted silyls, 
such as trimethylsilyi. irielhylsiiyl. trtpropylsilyl, tricyclohexylsilyl, tiphenytsilyl. dimethylphenylsilyl. metiiyldiphenyisflyl. 
tritoiylsiiyi and frin^hthylsilyl; alyl ethers of the hydrocarbon-sutetituted silyls, such as frimetiiylsilyl ether; silicon-sub- 
stituted altqrl groups, such as trimethylsilyimethyl; and s!lioon-sufc>stitL*ed aryl groups, such as trimethylsilyiphenyl. 

Examfrfes of the oxygen-contairting groups include hydroxyl group: alkoxy groups, such as methoxy, ethoxy, pro- 
poxy and butcocy; aryloxy groups, such as phenoxy, meJhylphenooqr. dimethylphenoxy and naphthooty; and arylalkoxy 
grc>ups, such as phenylmettioxy and phenylettwxy. 

Exan^les of the sulfur-containing groups include those wherein oxygen is replaced with sulfur in the above-esram- 
frfified oxygen-containing groiflas; sulfonato groups, such as melhylsulfonalo, trniuoromethanesulfonata phenylsul- 
fortato, benzylsulfonata p-tduenesiifbnaito. ti1metliyB>enzenesu1fonalo. trHsobutybefizenesuHtanalD. p- 
chlorob^enesuKonato and pentaf iuorobenzenesuffbnato; and sidf inato groups such as m^ylBulf iiato. phenylsutfi- 
nata benzenesulfinato, p^uenesuHinato, trlmethybenzenesulfinalo and pentaf tuorobenzerrasuifinalo. 

Examples of the nitrDgen-contairHng groups indude amino group; al<ylamino groups, suc^ as methylamino, 
dimethylanino. dlelhylamino. dpropylamino, dijutylamino and dicydohexyiamino; and arylamino or all^larylamino 
groups, such as irfienySamlno. diphenylamino, cHtolylanino. dinaphthylaminp and methylphenylamtno. 

Examples oi the phofiphorus-contalning groups indude dmethyiphosphino and dipheny^osphino. 

X^ andX^ 

and may be the same as or different from each other, and are each hydrogen atom, a halogen atom, a hydro- 
cartx>n group of 1 to 20 carbon atoms which may be halogenated, an (S(ygen-containing group, a sulfur-containing 
group or a nitrogen-containing group. Exairples of these atoms and groups are the same as those described lor R** to 
R*. 

1 

Y is a divalent hydrocarbon group, a divalent 8ilioon^»ntairang group or a divalent germanium-oonlaining group. 

Examples of the divalent hydrocarbon groups include al^ene grotps, aich as meBiylene, dimethylmetliylene, 1 ,2- 
eBiylene, dimethyl-1.2-ethylene, 1,3-trimelhylene. 1.4-tetramethjrtene, 1,2-cyclohexylene and 1,4-cycloheKylene; and 
arylalkytene groips, such as diphen^methylene and diphenyl-1 ,2-etiiylene. 

Exanples of the divalent silicon-containing groups indude aH^syylene, alkylaryisilyfene and arylsUylwie groups, 
such as methylsflylene, dimethylsilylene, diethylsOylene, (S(ni}ropyOsfl)dene. diriiXOpyl)silylene, cfi(cyclohexyl)sgylene, 
methylphenylsilylene. diphenylsilylene, di(p-tolyI)silylene and di(p-chlor(>Fdienyl)siylene: and alkyldisiyi, alkylaryidisilyl 
and aryldisilyl groups, such as tetnamelhyl-l ^-flisilyi and telraphenyl-1 ,2-disi^. 

Examines of the divalent gemnanium-oontajning groups indude those wherein silicon is replaced with gemiariium 
in the above-exenrpiified divaleri aicon-oontaining groupSL 

Usted below are examples of the transiition metal cornpounds [(]. 

Dimethylsilyiend4]jsOndenyl]ziiconium dichloride. 

DimetFvlsilytene^xsOndeny^iiconiumdbromide. 

Oimethylsilylene-t»s(indervOdinnethyl zirconium. 

Dimethytsilylene-bis(inden^diphenyl zirconium, 

Dimethyisilylene-bis(inden^methytzirconium monochloride, 

Dimethylsilylene-bis(indenyl)zirconiumbis(methanesuHbnats), 

Dimethylsilylene-bis(tnden^zirconiumbis(p-toluenesuKonate], 

Dimetf^s)lylene^ls(indeny0zlrconiumbis(trifluon3methanesulfonate}. 

Dimetl^s!lylene-bis(indenyQ2jrconiumtrlfluoFomethanesuHDnate. 

Dimett^silylene-(indertyl}(cydQpentadienyl)ziroonium dichloride, 

Dimelh^silylene-bis(2-mettiylindenyl}zirconium dichloride, 

Dime&iy!silylene-l3is{2-methyl-4i3heny!indenyl)zirconluradicMoridei 

Dimethylsilylene-(indenyl)(fluorenyl)zirconiumdichloride!, 

Dimethylsilylene-(cyclopentedienyO(fluorenyl)zirconiumdicWoride. 

Dimethylsilylene-bisCfluorenyl)zircor»umdidiloride, 
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Diphenyl8ilylene-bis(indenyl)zirconium dichloride, 
Methyiphenylsilylene-bisOndenyOzirconiumclichloride, 
Ethylene-bis(indenyi)dimethyl zirconium, 
Ethylene-bis(ir>denyl}zirconium dichloride, 
Etl^lene-bis(iirjenyl)zirconiumbis{trifluoromeflianesdfcrale), 
Ethylene-bis(indenyl)arconiumbis(methanesulfonate), 
Ethylene-bls(indenyl)zirconiunt>is(p-toluenesulibnate). 
Ethylene-bis(indenyl)arconiumbi6(p-chlorobenzenesulfonate), 
lsopropyIkJene4}is(cyclopent«:yeny[}(fiuoren^)zirconium dichloride, 
lsoprc^iklene-bi8(cyclcpenteKfienyD{irHjenyl)zirconiiimdicMorlde. 
l8opro(vSdene<4Hinethylcydopeiitadlenyl)(2'methylindenyl dichloride, i; 

l8oprq3yidene^3-4ert43utylcydopenladienyOfHuOT 
Oimethylsllylerie43ls(4,5-benzoindenyl)ziroonlumcfichlQrlde, 
Dlmethyl&ilylene43iG(2HTiellvl-4,5H3enzolndenyOzlK»nium 
Dimethylalylene-(2HTiethy{-4,5-benzotndeiv0^.7^ 
Etlvlene43is(2-methyl-4,54)enzoinden!yflzitcoriumcSchloride. 
MethylenG-bis(2-methyl-4-phen^lndervOci;toonium dchloride, 
Ethylene-bis(2-me*hyl-4i3henyliridenyOziroonium dichloride, 
Dimethyisilylene-bis(2-ethyl-4-phenyBndenyOzirconium dIcNoride, 
Dimethylsilylene-bis(2-ethyl-4-(a-naphthyl)indenyl)zinxiniuni dkdiloride, 
Ethylene-bis(2-ethyi-4-phenyllr}denyl)zircontum dichloride, 
Eth^ene-bis(2-ethyt-4-(a-naph1hyl)indenyl)zirconium dichloride, 
Eth^ene'b<s(2-n-propyl-4-(a-nai:^hyl)indenyl}zirconiumdicNoride, 
Eth>^ene-bis(2,4,7-trimethyliiid6nyl)zirconium dichloride. and 
lsopropylidenG-bis(2.4.7-trimethylindenyl)zirconium dichloride. 

As the compound [II] capaUe of activating the transition metal conqnund [Q (sometimeB refeired to as "component 
[11]" hereinafter), there is employed at least one compound selected from: 

(11-1) an organoaluminum compound, 
(11-2] an aluminoxane, and 

(il-3) a conrpound which reacts with the transition metal compound P] to form an ion pair. 

The organoluminum compound (11-1) (sometimes refenwi to as 'component (Ihl)" hereinafter) is represwited by, 
for example, the foDowing fomnula (Q: 

wherein R« is a hydrocartjon group of 1 to 12 carbon atoms^ X is a halogen atom «■ hydrogen atom, and n is 1 to 3. 

In the formula (i). R* is a hydrocarbon group of 1 to 12 carbon atoms, ag.. an ^kyl group^ a cydoaJkyl group or an 
aryl Qtovp. Particular examfdes thereof Muda methyl, ethyl, n-prcpy), isopropyl, isofautyl, pen^, hsxyl, octyl. 
cyciopenty!, cyclohe]Q^. pheryl and toiyl. 

Examples of such organoahjminum compounds (11-1) include: 

trialkylaluminunis, such as trimethyialuminum, triethylaluminum, trisoprcpi^akiminum, t-isobutjdalumhum, triocty- 
laluminum and tri-S-ethylhecylaluminum; 
alk^ylalurrinums, SLx;h as isc^r^ylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum diloride and dimethylaluminum bromide; 

all^uminum sesquihalides, such as methylaluminiKn sescMchlonde, ethylalurinum sesquichioride^ isopropyia- 
luminum sesquichloride. butylaluminum sesc^ichloride and elhylBluminum sesquixomide; 
alkylaluminum dihalides, such as m^h^aluminum dichioride, ettiylaluminum dichloride, isopropylaluminuTi dichlo- 
ride and etfrylaluminum d&romide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoaluminum compound (11-1 ) is a compound repreeaited by the following formida (it) : 
R"nAIY3.„ (if) 
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wherein R® is *ie same as above, Y is -OR'* group. -OSiR'^a group, -OAIR''2 groip, -NR^j group, -SR'3 group or - 
NCR9) aire's group, n is 1 to 2, R*'. R'', R^ and R*' are each metliy!. eifriyl, isopropyl, isobutyl, cyclohexyl, phenyl or the 
lite, R° is hydrogen atom, or methyl, ethyl, iGopropyt, fA%en^, trimethylsilyl or tie ilka, and Pf and R^ are each methyl, 
ethyt orthe like. . 

Exanples of sudi organoalumlnum conpourKfs Indude: 

(1) compounds of the formula R*rtAI(0R'^3.n, e.g., dimethylaJuminum mefrioxide, diettiylaluminum ethoxide and 
diisobutytaluminum methoxide; 

(2) compounds of the formula R«r,AI(OSiR=3)3.n, e.g., EtgAipSiMea). (iso-Bu)2AI(OSiMe3) and (iso- 
Bu}2AI(OSiEt3); 

(3) compounds of the fcnrnub R'nAl(OAlR^2)3^i. ©.g., E^AKDAlEtg and (iso-Bu)2WOAt(iso-Bu)2; 

(4) conpoundsof theformiJa R'„A|(NR«2)3.n, e.g.. MesAlfJEta. ^AINHMe. MegAINHEt, ElgAINtSiMeaja and (iso- 
Bu)2AlN(SiMe3)2: 

(5) compounds of tiie formula R"nAI(SiR'3}3.n. e.g., (iso-Bu}2AtSiMe3: and 

m conpounds of the ibmnula R%AI(N(R9)AIR''2)3.n. e.g., Et2AlN{Me)AlEt2 and (lso-Bu}2AIN(Et}AlOso-Bi42. 

Of these, preferable are oompoiaxis of the fonnulas R^sAI. R"nAI(OR'%^ and R«nAI(0AIR<^2)3.n. and particulariy 
preferable are compouids of said fonnulas wherein R* Es an IsoalkyI group and n is 2. 
The organoalumlnum conpounds (11-1) can be used in combination. 

The aluminoxane (11-2) (sometimes refen-ed to as "component (11-2)* hereinaftv) may be a benzane-solubie aSurri- 
nox^e conventionally known or a benzenennsduble onganoeiuminum cxy-cotTpound disclosed in Japanese Patent 
Laid-open Publication No. 276807/1990. 

The alurrnnoxane can be prepared by. for example, the following processes. 

(1) An organoalumlnum compound such as triall^ahjminum is added to a hydrocarbon medium suspension of 
compounds containing adsorbed water or salts containing water of crystallization, e.g., magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate l^drate or cerous chloride hydrate, so as 
to allow the organoaluminum conpound to react with the adsortrad water or the water of crystallization 

(2) weter. Ice or water vapor is allowed to directly aa on an oiiganoaluminiAn compound such as trialkylaiuminum 
in a medium such as benzene, toluene, etfiyl ether or tetrahydrofuran. 

(3) Ai\ organotin oxide such as dimethyllin oxide or dbutyllin oxide is allowed to react wHh an organoalumlnum 
compound such as trialkylaiuminum in a medium such as decane. benzene or toluene. 

The aluminoxane may contain a smaB amount of an organometallic component Further, it is also possible that the 
sotvant or the unreactad organoaiimiinum compound is cSstiBed off from the recovered solution of aluminoxane and the 
remainder is redissolved h a solvent. 

Examples of the organoaluminum compounds used for preparing the alumincKane are the sane as those 
descritMd for the organoahjminum compound (11-1). 

Of these, taiali^luminums and tricyctoalMalumimnis are particuiarly preferabla 

The organoalundnum compounds can be used in combination. 

Examples of the solvents used for preparing the aluminoxane nndude aromatic hydrocaifaons, such as bersene, 
toluene, xylene, oonene and cymene; aliphatic hydrocarbons, such as pentane, hexane. hepAane. octane, decane, 
dodecane. hexadecane and octadecane; alicycfic hydrocarbons, such as cydopenlane. cyclohexane. cycloocfane and 
methylcyciopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and halides of these aromatic, 
aliphatic and alicyclic hydrocaibons, particularly dilorides and bromides thereof. Also employable are ethers such as 
ethyl ether and tetrahydrofuran. Of the solvents, particularly preferable are aromatic tTydrocart)ons. 

In the benzene-insolut)le organoalurrnnum oxy-compourid, an Al component which is soluble in benzene at 60 "C 
Is contained in an amount of not mwe thsBi 10 %, preferably not moretlian 5 %. particularly preferatsly not more than 2 
%. in terms of Al atom, and this corrpound is insoluble on scarcely soluble in benzene. 

The benzene-solubility of the organoaluminum oxy-compound can be detennined in the following manner. The 
organoaluminum oxy-compound con-e^nding to 100 mg • atom of Al is suspended in 100 ml of benzene and mixed at 
60 "C for 6 hours with stining. The resulting mixbjre is then subjected to hot f iHration at 60 "C by means of a G-5 glass 
filter equipped with a jacl^ The solid separated on the fitter is washed foiR- times with 50 ml of benzene at 80 °C. Then, 
the amount (x mmol) of Al atom present in the whole filtrate is measEred to determine the benzene-solubility (x %). 

The compound (11-3) which reacts with the transition n>etal compound (I] to form an ton p^r (sometimes referred to 
as "component (11-3)" hereinafter) includes Lews acid, ionic conpounds and carlsorane compounds described in Jap- 
anese Patent Laid-C^en Publications No. 501 950/1 989 and Na 502036/1 989, Na 1 79005/1 991 , No. 1 79006/1991 , No. 
207703/1991 and No. 207704/1991, and U.S. Patent Na 5,321.106. 

Exanples of the Lewis acid include triphenytboron, 1ris(4-f]iA)rophenyl)boran, tris(p-lDtyl)boron, tris(o-tolyl)boron, 
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tris(3,5<iimethylphenyl)boron, tris(perrtafiuorophenyl)boron, MgClg, AI2O3 and Si02-Al203. 

Exanples of the ionic compounds include triptienylcatbeniumtetral^s(pentafluorcvhenyl)borate, tri-n-tarty)ammoni- 
umtetraWs(pentafiuorophenyl)borate, N,N-d!methylaniliniumtefralds(pentafluOTQpheny1)borate and ferroceni- 
umtetra(pentafluorophenyf)l3orate. 

Examples of the cartxjrane compounds indude decaborane, l-cartoaundecaborane, lMS-n-butylammonium(1- 
cart>edodeca)borate, tri-n-butylammonium(7,8-dicaitaundeca)borHte and tri-n-butylanmionium(trldecahydride-7-car- 
baundeca)borate. 

The component (il-3) can be used in combination of two or mwe Idnds. 

As the compound [II] capable of activating the transition metal compound p], the oon^nent (11-1), the component 
(11-2) and the component (11-3) can be used in combination. 

The carrier [III] employable in the invention is a granular or fine particle solid hawng a particle dameter of 1 0 to 300 
[im, preferably 20 to 200 jim. 

As the carrier, a porous inorganic oxide is preferably enpioyed. Examples of such oxides include SiOg, AI2O3, 
IWgO, ZrOg, TiOg. BgOs. CaO. ZnO, BaO, ThOg and mixtures thereof such as SlOj-IVIgO. SiOa-AJaOg, SiOa-TiOg, SiOg- 
V2O5, Si02-Cr203 and SiOa-TiOj-MgO. Of these, prefOcWe is a carrier containhg Si02 and/or AI2O3 as its msyor com- 
ponent 

The abovfr-menitoned inorganic oxides may contain smaB amounts of carbonate component sulfate cotrponent, 
rritrate conponent and osdde oonponoit, such as lyiaaCOs, K2CQ3, CaCQs, MgCQs, Na2S04, ^2(804)3. Ba804. 
KNO3. MgCNQala, AI(N03)3. NagO. KgO and MiO. 

The properties of tfie can-ier pil] veuy depending on the type of the carrier and the process for the preparation 
thereof, but preferably used in the invention is a carrier having a specific surface area of 50 to 1,000 m^/g, preferably 
100 to 700 rn^/g, and a pore volume of 0.3 to 2.5 cxrP/^ 

Ttie inorganic carrier may be cptionally used aft^ calcined at a temperature of 100 to 1 ,000 "C, preferably 150 to 
700 "C. 

The quantity of the adsorbed water on the carrier [III] is preferably less than 1 .0 % by weight, more preferably less 
than 0.5 % by weight, and tie quantity of the surface hydroxyl group is preferatily not less than 1.0 % by weight more 
preferably 1 .5 to 4.0 % by weight particularly preferably 2.0 to 3.5 % by waght. 

Tlie quantity (% by weight] of the adsorbed water on the carrier can be determined by measuring a loss In weight 
of the carrier after drying the carrier at 200 "C under atmospheric pressure for 4 hours in a stream of nitrogen. 

The quar^tity (% by weight) of the surface hydro:^ group in the carrio- is detemiined in the following manner. TVie 
weight of a earner which has been dried at 200 "C under atmospheric pressure for 4 hours in a stream of nitrogen is 
taken as X (g), and the weight of a carrier which has been calcined at 1,000 *C for 20 hours to remove the suriiace 
hydroxyl group is taken as Y (g). The quanlily of the surface hjydroxyl group is calculated in accordance with the follow- 
ing equation. 

Quantity of surface hydroxyl group (% by weigh!) - {(X-Y]/X} x 100 

AIgo employable as the earner [liQ is an orgaivc compound. For exarrf^e^ (oo)poiymere produced mainly from a- 
defins of 2 to 14 carbon atoms such as ethylene, prop^ene, 1-butene and 4-meitjiyl-1-penl»ie or (co}polymers pro- 
(kiced makily firom vinytcydoheocane or styrene are ennployable. 

The CBtalysl preferably used for preparing the ettiylene type polymer and the ethylene type polymer (B) is a car- 
rier supported meitaliocene catalyst {soBd catalyst} whereri the transition metal compound [I] and the component [IQ are 
supported on the canier [liq. 

The soTd catalyst can be prepared t>y contacting the component [q, the component [II] and the component [II g in 
an optional order, but it is preferable that the component [I I] is contacted with the carrier [ill] and th^ with tie transilion 
metal compound [Q. 

These components can be contacted in an inert hydrocaitxxi solvent Examples of the solvents enployable herein 
include aliphatic hydrocaibons, such as propane, butane, penlane, hexane, heptane, octane, decane, dodecane and 
hexadecane; alicydic hydrocartrans, such as cydcpentane, cydohexane. methylcyclopemane and cydooctane; aro- 
matic frydrocartnns, such as benzene, toluene and xylene; h^ogenated hydrocait>ons, such as ethylene chloride, chio- 
robenzene and dichloromethane: petroleum fractions, such asgasoEne, terosine and gas oil; and mixtures thereof. 

For prqsaring tie catalyst from the above components, the tranaSon metal compound [Q is used in an amount of 5 
X 1 0'^ to 5 X 1 0"^ mot, preferably 1 0'^ to 2 x 1 0'^ mol, based on 1 g of the carrier [III]. The conponent [I Q Is used in such 
an amount that the atomic ratio of aluminum or boron in the (»mponent [iq to the transition metal in the transition metal 
compound [Q, At or B/transilion metal, is usually 10 to 500 preferably 20 to 200. When the organoaluminum compound 
(li-1) and the alumlnoxane (11-2) are used as the component [IQ, they are desirat^y used in such amounts that tiie atomic 
ratio of the aluminum atom (Al-1) in the conponent (11-1) to the aluminum atom (Al-2) in the conponent (il-2), AI-1/AI- 
2, is 0.02 to 3, preferably 0.05 Id 1 .5. 

These components are contacted at a temperature of usually -50 to 150 "C, preferably -20 to 120 "C, for a period 
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of usually 1 minuie to 50 hours, preferably 10 rrnnutes to 25 huvs. 

In the solid catalyst prepared above, the transition metal compound [1] Is supported in »i amount of prefer^ly 5 x 
10"^ to 5 X 10"'* g • atom, more preferably 10'^ to 2 x lO"'* g - atom, in ta-ms of the transition metel atom, based on 1 g 
of the carrier [111]. The component [II] is supported in an amount preferdsly 1 0'^ to 5 x 1 0'^ g • atom, more preferably 
2 X 10"^ to 2 X 10'^ g ■ atom, In terms of aluminum atom or boron atom, leased on 1 g of the carrier [III], 

In tie (co)pdymertzation using elfiylene, the solid catalyst can t>e used as it is, txJt it may be used In ^e form of a 
pr^lymerized catalyst obtained by prepolymerlzing an olefin onto the solid catalyst 

The prepolymerized catalyst can be prepared by prepolymerizing an olefin in the presence of the above compo- 
nents [I] to [III] and generally in an inert hydrocarbon sotvenl It is preiferable tiat a solid catalyst is formed from the com- 
ponents [I] to [Hi]. In addition to the solid catalyst, the compoient [II] may be further added. 

In the prepoiymerization, the transition metal con^und [1] is used in an amount of usually 5 x 10"^ to 5 x 10~^ mol, 
preferably 10'^ to 2 x 10''^ mol, based on 1 g of the carrier [HQ. The component [IQ is used in sudti an amount that the 
atomic ratio of aluminum or boron in the component [I Q to the transition metal in the tranotion metal compound [I] , Al or 
B/lransilion metal, is usually 10 to 500, p-eferably 20 to 200. When the orgamaluminum compound (11-1) and the alu- 
minoaeane (il-2) are used as Itie component [IQ. they are desirably used in such amounts that the atomic ratio of the alu- 
minum atom (A-l) In the component Cl-f) to the aluminum atom (AI-2) in the component (11-2), AI-1/AI-2, is 0.02 to 3. 
preferably 0.05 to 1.5. 

In the prepolymerizafiwi system, the concentralion of the transition metal compowvi {Q or the solid catalyst formed 
from the components (transition ttteial/t liter of polymerizalion volume) is deared to be usiolly 1 0^ to 2 x 1 or^ mol/liter, 
preferably 5 x 10"^ to 10"^ moHiter. 

The prepoiymerization is earned out at a temperature of uajally -20 to 60 *C, preferably 0 to 50 "C, for a period of 
usually 0.5 to 100 hours, preferably 1 to 50 hours. 

As the olefins for the prepoiymerization, ethylerw and the aforesaid a-oleffeis of 3 to 20 carijon atoms are enrploy- 
able. These olefins may be copolymerized. 

For preparing the pr^olymertzed catalyst, an olefin may be introduced into a solid catalyst suspension prepared 
by the use of an inert hydrocartion solvent, or it is also possQ^e that after s^arating the solid catalyst from the inert 
hydrocarbon solvent suspension, the solid catalyst is resuspended in an inert hydrocarbon and into the resulting sus- 
pension is introduced an olefin. In more detail, the prepolymerized catalyst can be prepared by, for example, the fotlcw- 
ing proce^. 

"The can-lw [llfj is suspended in an inert hydrocarbon. To the suspension, the ccsnponent [IQ (e.g., component {II- 
2)) is added to react them for a given period of time. Then, the supernatant liquid is removed, and the resulting solid 
component Is resuspended in an inert hydrocarbon. To tiie system, the transition metal confound [I] Is added to per- 
form reaction for a given period of time. Then, the supematant liquid is removed to obtain a sdid catalyst 

Then, tile solid catalyst is added to an inert hydrocarijon corttaining the wganoaluminum compound (conponent 
(11-1)}. lb the system, an olefin is introduced to perform polymerization. Thus, a prepolymerized oalalyst is obtained. 

it Is desirable that through the prepoiymerization an olefin polymer (prepoiymer) is produced in an amount of 0.1 to 
500 g, preferably 0.2 to 300 g. more preferably 0.5 to 200 g, based on l g of the canier [111]. 

In the prepolymerized catalyst thus obtained, the transifion m^ conpound [Q is desired to be supported in an 
amounA of about 5x10r^to5x10'^g - atom, preferafcriy 10'^ to 2 x 1 0''* g • atom, in terras of the transition metal, liased 
on 1 g of the ca-rier piQ. and the component [IQ is desired to be supported in such an amount that the mola- ratio of 
aluminum or boron in the cornponent [II] to the transition metal atom, Al or B/transition metal, is 5 to 200, preferably 10 
to 150. 

The prepolymerizatfon «ui be carried out by any of batohwise and continuous processes, and It can be cairied out 
under reduced pressure, atmospheric presaire or application of pressure. 

In the prepc^ymerizatlon, It is desirable that a prepoiymer having an intrbisic vtsoosily (measured in decalin at 
135 <€) of about 0.2 to 7 di/g, preferably about 0.5 to 5 d/g, is produced by allownng hydrogen to coexist in the system. 

In the preparation of the emylene type polymer (^ and the ethylene type polymer (B), ethyloie is polymerized or 
copolymerized with another a-olefin in flw presence of the solid catalyst or the prepolymerized catalysL 

The polymerization can be carried out by any of liquid polymerizafion process, such as suspension polymerizafion 
process or solution polymerization process, and gas phase polymerization process. Furtiier, the polymerization can be 
canied out by any of batchwise, semi-continuous and continuCHJS processes. 

In the liquid polymerization process, an inert hydrocarbon solvent is employable, and examples tiereof Include the 
same solvents as shown in the preparation of the catalyst. 

In the polymerization, the solid cat^yst or the prepolymerized cal^yst is desirably used in sudi an amount ttat the 
concentration of the transition metal in the polymerization volume (transition metal/jpolymerizafion vdume-liteO usu- 
ally 1 0-^ to 1 Q-^ g • atom/liter, preferably 10"^ to 1 0* g • atom/Ifter. 

In the polymerization using the prepolymerized catalyst, the component (II] may be added. The conponent (II) can 
be used in such an amount that the atomic ratio of aluminum w Iwron in flie component (II) to the tranation metal atom 
used in the polarization. Al or B/tansltiwi metal, is 5 to 300. preferably 10 to 200, mae pr^erably 15 to 150. 
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The polymerization can be carried out at a temperature of usually -SO to 200 "C. preferably 0 to 100 •C. under a 
pressure of usually atmospheric pressure to 100 Ug/ar?. preferably atmospheric pressure to 50 kg/on?. The polj^r- 
ization may be conducted in two or more stages under dHferenl reaction ooncBlioire. 

Wtien tlie ethylene type polymer (A) and the ethylene type polymer (B) are prepared by a suspenaon pdymeriza- 
tion process, the polymerization temperature for each case is 0 to 200 'C. pr^rably 20 to 150 °C. In the solution polym- 
erization process, the polymerization temperature for each case is 50 to 1 20 "C. pr^eiabiy 60 to 1 1 0 'C. 

The molecular weight of the resiriting ethylene type polynrter can be coritrolied by allowing hydrogen to exist in the 
polymerization system or by changing the poiymerizaGon temperature or Ihe potymerizafion pressure. 

Ethylene typ e polymer composition 

The ethylene type polymer condition aooorcSng to the invention corrprises the ethylene type polymer (A) and the 
ethylene type polyn^r (B). In this composition, the ethylene type pdymer (A) is contained in an amount of 20 to 90 % 
by weight preferably 30 to 80 % by weight, more preferably 40 to 75 % by weight, and the ethylene type pdymer (B) is 
contained in an amount of 1 0 to 80 % by weight preferably 20 to 70 % by weigftt, more preferably 25 to 60 % by weight. 

The eSiylene type polymer composition is formed from the ethylene type polymer (A) and the ethylene type polymer 
(B) having such properties that the ratio of the density (d/O of the ethylene type polymer (A) to the density (ds) of the 
ethylene t^ polymer (B), dAAie. >s laiger tfian 1 , preferably larger than 1 and not larger than 1 2, more preferably 1 .005 
to 1.08. 

The ethylene type polymer coinxjsition of the invention has the following properties. 

(1) The density is in me range of 0.940 to 0.970 ^cm^. preferably 0.945 to 0.9TO gfem^. more preferably 0.950 to 
0.965 g/cm^. 

(2) The melt flow rate (MFR) is in the range of 0.005 to 20 g/10 min, preferably 0.008 to8 g/10 min, more preferably 
0.01 to 1.5 g/10 min. 

(3) The melt tension (MT) and the melt flow rate (MFR) of this ethylene type polymer composition satisfy Vne follow- 
ing relatioi 

iog(MT) S -0.4log(MFR) + 0.70. 

The melt tension of the ethylene type polymer composition, satisfying the sbave relation with tiie melt flow rate 
(MFR). fe desired to be 1 to 100 g. preferably 2 to 50 g. 

The melt tension (MT) is measured as a stress given when a mohen sample is stretohed at a constant rate. In 
the preaerrt invention, epedf ically, the melt tenaon is mea»jred as a stress given when a molten sample (ethylsne 
type polymer composition) is sb-etched by a MT measuring machine (manufectured by Ibyo SelM 8eisal<usho] 
under the conditions of a redn temperature of 1 90 an extrusion speed of 1 5 mmAnIn, a take-up rate of 1 0 to 20 
m/mn. a nozzle dameter of 2.09 mm0 and a nozzle length of 8 mm. 

(4) The diametrical swell ratio exceeds 1.35. and preferably is more than 1.35 and not more than 1.65. 

An ethylene type polymer composition wHh this swell ratio has excellent mdd^llity. For ecample, by blow mdding 
of this ethylene type polymer composition, bottles having high strength can be ot^ned because of good shape of 
pinch-off portions. Moreover, since the distribution of the wall tfiickness of bottles (hdlcw molded artideB) can be nar- 
rowed, a mass per the unit area of the production can be reduced. Provided lhat the mass of the production is identical, 
botdes of higher buddng strength can be dstained. 

The swell ratio of the ethylene type polyma- composition can be measured tn the following manner. 

Cepillo^aph-I B (banei diameter: 10 mm, manufet^ured by Toyo S&M Seisalojsho) is equipped with a tubule noz- 
zle (inner diameter (Dq): 3 mm, outer diameter: 4 mm. length: 1 Q mm), and a ban-el (to be charged with a sample) is 
heated to 200 °C and maintained at ttiis temperature. The barrel is charged with 10 g of a sample Then, a piston is 
fitted, and degassing is performed, followed b/ preheating for 6 minutes. After the preheating, the sample is extruded 
at each piston speed of 10, 20, 30, 50 and 75 (mm/min). The strands thus extruded are measured on th^r diameters 
(Dj) at the position of 15 mm downward from ttie nozzle tip by means of laser beam. 

A ratio ( SR , = D -/D ^ ) of ^e strand diameter {D) measured at each piston speed to the tubular nozzle dameter 
(Dq) is plotted against the piston speed on a semi^garithmic paper to obian a curve. From this curve, a 8R value cor- 
responding to the piston ^eed of 50 (mm^niin} is read out and this value is tal«9n as the swell rafio. It is also possible 
to find a shear rate of the sanple correspondingly to the f^ston speed. 

To the ethylene type polymer composition of the Invention, various additives, suxti as weathering stablRzer. heat 
stEtircser, antstaiic agent, sr^-sSp agent artti-blod«ig agent. antHoggIng agent lubrkant pigment dye. nucleating 
agent piastldzer. anti-aghg agent, hydrochforic add absorbent and antioxidant may be added within Smite not preju- 
dicial to the obi&A of flie present invention. 
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The ethylene type polymer composition of the invention can be prepar«J by Wending the ethylene type polymer W 
and the ethylene type polymer (B} by known methods, or it can be directly prepared through po^merizatioa 
Some blending methods are given below. 

(1) The ethylene type polymer (A), the ethylene type polymer (B), and if desired, other components are blended by 
means of an extruder, a kneader or the like. 

(2) The elfrylene type polymer (A), the ethylene type poller (B), and if desired, olher componente are dissolved 
in an appropriate gcxxl solvent (e.g., hydrocarbon solvent such as hexane, heptane, decane, cyddiexane, ben* 
zene, toluene or xylene), followed by removing the solvent. 

(3) The ethylene type poiymsr {A), the ethylene type polymer (B), and H desred. other components are each inde- 
pendently dssoived in an appropriate good solvent, then thte residttng solutions are mixed, followed by removing 
the solvent 

(4) Blending is conducted by combining the above methods (1) to (3). 

For directly preparing the ethylene type polymer composition comprisinB the ethylene type polymer (A) and the eth- 
ylene type polymer (B) through the polymerization, for example; the aforesaid polymerlzatton may be conducted in Iwo 
or more stages under jdifferent reacSon conditions to prepare the ethylene ^e polymer (A) and the ethylene type pol- 
imier (B), thereby preparing tie eith^em type polymer composition. 

The ethylene type polymer composttton of the invention has excelent rnddability. So that It can be widely used by 
molding it into various articles, e.g., cans for industrial chemicals, drum cans, bottles, inflation films and pipes, through 
various molding (or forming) methods such as blow molding, vacuum or pressure formng, inflation moldir^, extnjaon 
molding and expansion molding. The molded articles thus produced, e.g., cans for industrial chemiGals, drum cans and 
bottles, are excellent in mechanical strength as well as bi rigidity. 

EFFECT OF THE INVENTION 

The ettiylene type polymer composition according to the invention shows excellent moldabilrty and can be molded 
into articles having excellent rigidity and mechanical strength such as stress crack resistance. 

EXAMPt-E 

The present invention mil be furth^ described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

In the invention, properties of the ethylene type polymer composition are evaluated in ttie followfaig manner. 



The Izod Impact teet was canled tuA in acoordwice with JIS K 7110. The testing temperature w 
MfiasurementQfESOR 

ESCR was measured in accontanoe with ASTM D 1693. 
Me^urino conditions 

Temperature: SO 

Surface active agent: Antaiox 0O630 
Concentration of surface active agent: 1 0 % 

Synthesis Example 1 



5.0 Grams of silica having been dried at 250 'C for 10 hours was siBpended in 80 ml of toluene, and the resulting 
suspension was cooled to 0 'C. Then, to the suspension was dropwise added 28.7 ml of a toluene solution of methyla- 
lumino)®ne (Al: 1 .33 mol/liter) over a period Off 1 hour. During the addrfion, tiie temperature of the system was main- 
tained at 0 "C. Subsequently, the reactiwi was conducted at 0 '0 for 30 n^nirtes. Then, the taiperature of the system 
was raised to 95 "C over a period of time 1 .5 hours, and at this tEmrperature the reaction was peribrmed tor 4 hours. 
Thereafter, the system was cooled to 60 'C, and the siqsematant liquid was removed by decantatron. 
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The resulting solid component was washed twice with toluene and resuspended in 80 irri of toluene. To the system, 
1 00 ml of a tduene solution of ethylene-bis(indenyl}zirconjum dtchloride (Zr: 0.00192 mmolVml) was added at room tem- 
perature. The reacfion was further conducted at SCCIbr 2 houis. Then, the stpematant liquid was removed. The 
remainder was washed third times witti hexane to ditain a solid catalyst (a) containing 2.4 mg of zirconium per 1 g of 
the catalyst. 

Proration of prepolymerized catalyst (A) 

In 200 ml of hexane, 7 g of the solid catalyst (a) prepared above was suspended. To the system was added 9.5 ml 
of a decane solution of triisobutylaluminum (1 mmol/ml), and the prefxHymerization of efliylene was perfomwd at 35 *>C 
for 2 hours to obtain a prepolymerized catalyst (A) containing 2.2 mg of zirconium per 1 g of the sdid catalyst and con- 
taining 3 g of an ethylene type polymer as a prepolymer. 




A solid catalyst (b} was obtained in the same manner as bi Syrrthesis Example 1 , except that 86 ml of a toluene 
solution of (f methylslly(ene-bis(2-methyl-4i3henyfindenyl)zjroontum dK:hloride (Zr: 0.00223 mmol/mO was used in place 
of the toluene solution of eMiyiene-bis(indenyl)2iiioonium dichloride. 

Preparation of prepolymerized catalyst (B) 

A prepolymerized catalyst (B) containing 2.0 mg of zirconium per 1 g of the solid catalyst and containing 3 g of an 
ethylene type poiymer as a prepoiymer was obtained in the same manner as in the preparation of the prepolymerized 
catalyst W, except that tfie soHd catalyst (b) was used in place of the solid catalyst (a} and the prepolymerizatioin time 
was varied to 1.5 hours. 

Synthesis EjmUte 8 

Preparation of solid catfllygt (Sl 

A solid catalyst (c) was obtained in Vne same manner as in Synthesis Exarrple 1, except that 24 ml of a tduene 
solution of bis(1 .a-dimethylcydopentadienyOzircornum cSchloride p': 0.00778 mmol/ml) was used in place of the tolu- 
ene solution of ethylene-bis(indenyl)zircanlum dicNorida 

Pra>arat'9n gf pr9P9lYm^ig9d catalyst (C) 

A pr^ymerized catalyst (C) containing 2.3 mg of zirconium per 1 g of the solid calfdyst and containing 3 g of an 
ethylene type polymer as a prepolymer was obtained in the same manner as in the preparation of the prepolymerized 
catalyst (A), except that the solid catalyst (c) was used in place of the soBd cat^yst (a). 



Preparation of solid catalyst (d) 

A solid catalyst (d) was obtained in the same manner as in Synthesis Eiample 1. except ifiat 22 ml of a toluene 
solution of 

(cyclopentadienyl)(pentamethylcyclopentad)enyl)zirconium dichloride (Zr: 0.00851 mmolATil} was used in place of the 
toluene solution of ethylene-bte(indenyl)zirconium dichloride. 



A prepolymerized catalyst (D) containing 2.3 mg of zirconium per 1 g of the solid catalyst and containing 3 g of an 
ethylene type polymer as a prepolymer was obtained in the same manner as in the preparation of the prepolymerized 
catalyst (A), exc^ that the solid catalyst (cl) was used in place of the soGd catalyst (a). 
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Preparation Eygmple 1 

Preppr^tipn pf ethylene typg pglymgr (1) 

To a 2 liter stainless steel autoclave thorouE^^y purged with nitrogen. 1 liter of hexane was introduced. TTie temper- 
ature of the system was set to 70 "C. and nitrogen in the autodave was replaced with ettiylene. To the autodave were 
then added 1 .5 ml of a decane solution of triiaobutylaluminum {1 irwntiUni) and 0.01 mmol (in terms of zirconium atom) 
of the prepolymerized catalyst (A). 

To the autoclave, 1 ,500 Nml of hydrogen was added, and ethylene was th«i fed to initiate polymerization at the total 
fM^essure of 8 kg/cm^-Q. The temperature of the system immediately rose to W "C. 

Thereafter, ortiy ethylene was supplemented to maintain frie total pressure at 8 kg/cm^-G, and *ie polymerization 
was conducted at 80 "C fori .5 hours. After the polyma-izalion was completed, the resulting polymer was filtered and 
dried owwrtight at 80 "C. Thus. 284 g of an ethylene tjpe polymer (1) (homopdyettiylene) was obUuned. 

The ethylene type polymer (1) had a density of 0.972 g/om^. (n) of 1.3 dl/g and MFR of 18.5 g^O mia 

Prflparatioi Example 2 

Preoaratron of ethylene tma OQlwnar t» 

Polymerization of ethylene was c^ed out In the same manner as in Preparation Example 1. except that an 
amwmf of Parogen added was vwied to 1 ,000 Nml. Thus, 446 g of an ethylene type polymer (2) (homopoiyefriylene) 
was datained. 

The ethylene type polymer (2) had a density of 0.964 gfcm^. of 1.71 dl^ and MFR of 1 .90 ^0 min. 

Preparation Exampte 3 

PreoaraBon of ethylene tvo e ooMner (Si 

Polymerization of ethylene was carried out in the same manner as In Preparation Example 1 , except that no hydro- 
gen was added. Thus, 572 g of an ethjrtene type polymer (3) (homopolyethylene) was obtained. 

TTie ethylene type polymer had a density of 0.951 gtemP. (tO of 4.0 dl^g and MFR of 0.002 gi^O min. 

PrgP8riationExanple4 

Prepartrtion of ethylene type poiymer (4) 

To a 2 filer stainless steel autoclave thoroughly purged with nitrogen, 1 liter of hesane was introduced. The temper- 
ature of the system was set to 70 "C. and nitrogen in the autoclave was replaced with ettiylene. 

To the autocEaved wfere then added 40 ml of 1-hexene, 1.5 ml of a decane sdufion of triisobutjrtatuminum {1 
mmoWnO and 0.0025 mmol (in terms of zirconium atom) of the prepolymerized catalyst (A). To the autoclave was fur- 
ther fed ethylene to iniSate polymerization at the total pressure of 8 kg/cm^^. The temperature of the system immedi- 
ately rose to 80 *C. 

Thereafter, ethylene was siipplentenled to maintain the total pressure at 8 kg/cm^-G. and the polymerizatton was 
conducted at 80 "C tor 1 .5 hours. After the polymerization was conpieted, the resulting polymer was filtered and dried 
ovemighl at 80 'C Thus. 437 g of an ethylene type polymer (4) (ethyleneAiexene oopolymeO was obtained. 

In the ethylene type polymer (4), the uriils derived firom 1-hexene were contained In amounts of 3.0% by mol. This 
ethj^ene type poiymer had a density of 0.925 gtemP. (n) of 3.2 dUg and MFR of 0.01 g/10 min. 



Prepgirgttion pf efhylene typg pplymer f$) 

Polymerizatton of ethylene was can-ied out in the same manner as in Preparation Example 4, except that 5 mi of 1- 
hexOTie was added and 500 Nml of hydrogen wasadded.Thus,212gofan ethylene type polymer (5) (ethyieneftiexene 
cqaolymer) was obtained. 

The ethylene type polymer had a density of 0.9S6 gtem*, (tj) ofl.8 dl(g and MFR of 1.0 g/10 mm. 
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Preparation of ethylene tvoe Dolvmer f6^ 

Polymerization of ethylene was caried out in the same manner as in Preparation Eismple 4, except that an 
amount of 1 -hexene ackled was varied to 10 ml. TTius. 332 g o# an ethylene type polymer (6} (ethyloie/hexene copoly- 
mer) Mias obtained. 

The ethylene type polymer had a density of 0.938 g/bm?, (t)) of 3.0 dl/^ and MFR of 0.01 g/10 min. 
E ypmple 1 

Preparation of ethylene type polymer ootnpQsition f1) 

35 Grams of the ethylene type polymer (1) obtained in Preparation Example 1, 15 g of the ethylene type polymer 
(3) otrtained in Preparatian Example 3. 0.05 g a phenol heat efabilizer (Irganox 1 076, available from Cba-Oeigy Corpo- 
ration) and 0.02S g of a i^phorus heat stabilizer (Irgafos 168, available from Cba-Geigy Corporation) were dry 
blended aid then melt kneoied at 200 *C by means of a batchwise torteader (Laboplastflmill, manufactured by Tcyo 
Seild Seisakusho K.K.). 

The resulting ediylene type polymer conposHion (1) had a density of 0.966 g/cm? and MFR of 2.2 ^10 min. The 
results are set forth in l^e 1. 

Eitgm ple 2 

Praoaration of elhvlsnfl twoe oolvmer ctMinoosiliQn fa 

An ethylene type polymer composition (2) was ofalained in the same manner as in Example 1 , except that the eth- 
ylene type polymer (2) was used in place of the ethylene type polymer (1) and the ettiylene type polymer (4) was used 
in place of ttie ethylene type polymer (3). 

The residing ethylene type polymer composition (2) had a density of 0.951 g/bm? and MFR of 0.61 g^ 0 min. The 
results are set fortii In IkUe 1 . 

Example 3 

Preparation of ethylene tvoe Dolvmer composition (S\ 

To a 2 liter stainlees steel aufoctave ttioroughiy purged wth nitrogen. 1 iter of hexane was inboduoed. The ternp^- 
ature of the system was set to 70 <C and nitrogen in the autodave was replaced wHh ethylene To the aulodave ware 
then added 1 .5 ml of a decane solulion of trHscbutylalumgnum (1 mmdi/ml) and 0.005 mmol (In terms of zirconium atom) 
of the rvepolymerized calalyet (B). To the autoclave was further fed ethylene to initiate polymerization at the total pres- 
sure of 8 kg/cm^-Q. The temperature of the system immecBately rose to 80 *C. Thereafter, only ethylene was sifiple- 
mented to maintain the totel pressure at 8 IqjAcm^-G, and tfw polymerizalion was conducted at 80 *C for 0 J hour 
(referred to step (i)). 

After the polymerization was completed, feeding of ettiylene was terminated. Then, a mixed gas of ethylene and 
hydrogen (hycfa-ogen ccMitent: 0.7 % by mol) was fed to perfomi polymerization at 80 "C for 1 hour (referred to step (ii)). 

After the polymerization was completed, the resulting polymer vras filtered and dried overnight at 80 "C. Thus, 264 
g of an ethylene type polymer composition (3) was obtained. 

50 Cbams of the etiiylene type polymer conposition (3), 0.05 g a phenol heat stabiBzer (Irganox 1076, available 
from Cba-Geigy Coiporation) and 0.025 g of a phosphorus heat stabiizer (ligafos 168, available from Ciba-Qeigy Cor- 
poration) were dry blended and then melt kneaded at 200 "C by means of a batchwise kneader (Laboplastomill, man- 
ufactured by Tcvo SeiW ^isakusho KK.). 

TTie resisting ethylene twje polymer composition (3) had a density ol 0.958 g/cm^ and MFR of 0.02 g/10 min {intrin- 
sic viscosity {r\): 3.57 dl/g). 

As a result of the operation of the step (i) only, 1 06 g of an ethylene tw)e polymer having a density of 0, 941 g/cm' 
and an intrinsic viscosity (ii) of 6.83 dl/g was obtained. From tte results, the demity, the intrinsic ^scosity {rj) and the 
amount of the ethylene type polymer obtained through the step (ii) were calculaled to be 0.970 gfcm^, 1 .38 dUg (MFR: 
5.6 g/10 min) and 158 g, respectively. The results are set forth in Table 1. 
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Example 4 

Prqjaration of ethylene type DOlvmer composition f4) 

Potymerization was carried out in tiie same manner as in Example 3, except that in the step (i) a mixed gas of et)i- 
ylene and 1 -txitene (1 -txjtene content 0.476 % by moO was used in place of ettiylene and the polymerization time was 
varied to 0^ hour (ref enred to step (iil)} and, in the step (ID a mixed gas having a hydrogen content of 1 .9 % by md was 
used as Ihe mixed gas of ethylene and hydrogen and the polymerization time was vsried to 1 .3 hours (referred io step 

After the polymerization was compieted, the resulting polymer was fitered and dried overnight at 80 "C. Thus, 250 
g of an ethylene type polymer composition (4) was obtaned. 

The efriylene type polymer composition (4) was melt kneaded wHh ttie stabiBzers in the same manner as in Exam- 
ple 3. 

The resulting ethylene type polymer oomposriion (4) had a density of 0.962 g/bm? and MFR of 0.12 g/10 min (intrin- 
sic viscosity (ti): 2.43 dl/g). 

As a result of the operation of the step Gii) only, 75 g of an Xylene type pdynier having a density of 0.939 g/lcm^ 
and an Intrinsic viscosity (ii) of 5.80 dl/g was obtained. Pom the results, the density, the arrtrinsic viscosity (t|} and the 
amount of the ethylene type polymer obtained by tiie step Gv) were calculated to be 0.972 g/cm^, 1.00 dl/g (MFR: 50 
g/10 min} and 175 g, respectively. The results are set forth in Table 1. 



Preparation of efrivlene type polymer compreition (7) 

An ethylene type poiyroer composition (7) was obtained in the same manner as in Esample 1. except that 30 g of 
an ethylene t^e polymer (5) was used in place of the ethylene type polymer (1 ) and 20 g of the ethytene type polymer 
(6) was used in place of the ethylene type polymer (3). 

The resulting ethylene type polynrier composition (7) had a density oS 0.951 g/cm^ and MFR of 0.5 g/10 min. The 
resiAs are set forth in 1&ble 1. 



Table 1 







Ex.1 


Ex.2 


Ex.3 


Ex4 


Comp. Ex.1 


Ethylene type polymer (/^ 


Density (dA}(gfem^ 


0.972 


0.964 


0.97 


0.972 


0.956 




fn)(eii/&) 


1.3 


1.71 


1.38 


1.00 


1.8 




MFR (g/10 min) 


18.5 


1.9 


5.6 


50 


1.0 


Ettiylena type polymer (B) 


Density (dB)(g/cm^) 


0.951 


0.925 


0.941 


0.939 


0.938 




(Tl) (dl/g) 


4.0 


32. 


6.83 


5.8 


3.0 




MFR (g/10 min) 


0.002 


0.01 






0.01 


Ethylene type polymer connposition 


(A)/(B) (by weight) 


70/30 


70/30 


60/40 


70/30 


60/40 




dA/dg 


1.02 


1.04 


1.03 


1.034 


1.02 




Density (g/cm^ 


0.966 


0.951 


0.958 


0.9S2 


0.951 




MFR (g/10 min) 


2.2 


0.61 


0.02 


0.12 


0.5 




MT(g) 


4 


9 


30 


12 


8 




logpWT) 


0.60 


0.95 


1.48 


1.08 


0.90 




■0.4log(MFR)t0.70 


0.56 


0.79 


1.38 


1.07 


0.82 




Swell ratio 


1-38 


1.47 


1.40 


1.38 


1.40 




iZO<g*cmAcm) 


3.0 


12 


30 


40 


10 




E8CR 


3 


30 


130 


40 


10 
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It has been confirmed that the ethylene type polynwr conditions obtained in Examples 1 to 4 have excellent 
moidabi»y, mecheracal strength, rig^ity and ESCR. 

Claims 

1 . An ethylene type polymer conposttion comprising: 

(A) an ethylene type polymer in an amount of 20 to 90 % by weight, said ettiylene type polymer being an eth- 
ylene polymer or a copolymer of ethylene and an a-olefin of 3 to 20 cartxjn atoms and having the following 
properties: 

(A-1) the density (d^) is in the range of 0.96 to 0.98 g/cm^, and 
(A-2) the Intrinsic viscoGity (n) is in the range of 0.5 to 3.0 cfl/g; 

and 

(B) an ethylene type polymer in an amount of 80 to 10 % by weight, said ethylene type polymer being an eth- 
ylene polymer or a copolymer of eithylene and an a-olefin of 3 to 20 cartxxi atoms and having the Ibllowing 
ptoperties: 

(B-1) the density (do) is in the range of 0.91 to 0.965 g/cm^ and 
{B-2) the intrinsic viscosity (n) is in the range of 1.0 to 10 6Vg. 

at least one of said ethylene type polymer (A) and said ethylene type polymer (B) being an eith^ene type pol- 
ymer pr^ared by the use of a metallocene catalyst, 

wherein said eth^ene type polymer composition has the following properties: 

(1) a ratio (dA/de) of the density (d^) of the ethylene type polymer (A} to the density (dg) of the ethylene type 
polymer (B) is larger than 1 ; 

(2) the density is in ttie range of 0.940 to 0.970 g/cm'; 

(3) the melt flow rate (M FR, measured at 190 *C under a load of 2. 1 6 Kg) Is in the range of 0.005 to 20 g/1 0 min; 

(4) ^e melt flow rate (MFR) and the melt tension (MT) satisfy the following relation 



and 

(5) the diam^cal swell rafio exceeds 1 .35. 

2. The ethylene type polymer oomposrtion as claimed in daim 1 , whereoi the ethylene type polymer (A} and/br the eth- 
ylene type polymer (B) is prepared by the use of a can-ier supported melaUocene catalyst compriang: 

PI a transition metal compound represented by the following fiHmula (I): 



log {MT) 2 •0.4log(MFR) +0.7; 




(I) 



wherein M is a transition metal atom of Group 4 toGroip 6 of the periodic table, 

R\ R^, and may be the sane as or dtfiierent from each otfier, they are each hydrogen atom, a 
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halogen atom, a hydrocarbon group of 1 to 20 carbon atonis, a halogenated hydrocarbon group of 1 to 20 car- 
bon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a nitrogen-con- 
taining group or a phosphorus-confining group, or a part of the adjacent groups of to R'* are bonded to 
each other to form at least one ring together writh cartxm atoms to which th^ are bonded, 

X'< and y? may be the same as or different from each other, and are each hydrogen atom, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, an oxygen-containing group, a suKur-containing group or a nitrogen-containing group, and 

Y is a div^ent hydrocarbon groip. a divalent silicon-containifig group or a divalent germanium-contain- 
ing group; 

[iq a compound which is capable ofactivafing the transition metal compomj [Q and is at least one conrpound 
selected from: 

(11-1) an organoaluminum compound, 
(11-2) an aluminoxane. and 

(fl-3) a compound viMch reacts with ttie transition metal compound [l| to form an ion pair; and 



pil] a fine partide casnex. ■■ 
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